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preface  | 

This  report  is  a  technical  note  which  presents  the  results  of  a  test 
or  investigation  that  was  limited  in  scope.  Its  purpose  is  to  increase  the 
fund  of  information  available  on  a  particular  subject  and  is  not  intended 
to  be  considered  as  a  complete  or  all-inclusive  work. 


I  his  report  has  been  reviewed  and  approved 
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PHOTO  I  -  TEST  AIRCRAFT  H  -  23  D  “  RAVEN  " 

equipped  with  test  instrumentation 
including  a  telescoping  airspeed  boom. 


of  airspeed  boom  length  upon  airspeed 
position  error  caused  by  the  pressure 
field  surrounding  the  aircraft;  and  (3) 
to  determine  if  an  airspeed  system  volume 
balanced  at  a  selected  altitude  would  re¬ 
quire  rebalancing  at  other  altitudes. 


A  series  of  projects  was  conducted 
during  the  months  of  May  through  August, 
1962,  by  the  U.S.  Army  Aviation  Test 
Activity,  Test  and  Evaluation  Command, 
at  Edwards  Air  Force  Base,  California. 
Tie  objectives  of  these  projects  were: 
(l)  to  obtain  values  of  the  error  in¬ 
duced  by  the  effect  of  volume  balance  in 
a  pitot-static  airspeed  system  while 
changing  altitude  at  various  airspeeds 
and  rates;  (2)  to  determine  the  effect 


ihe  aircraft  used  to  conduct  these 
tests  was  an  H-23D  "Raven, "  modi f ied  by 
installation  of  test  instrumentation. 
The  installation  is  described  in  Ap¬ 
pendix  III. 


B. 


Introduct ion 


II.  AIRSPEED  ERROR  WHILE  CHANGING  ALTI¬ 
TUDE  DUE  TO  VOLUME  UNBALANCE 

A.  Summary 

The  airspeed  errors  observed  during 
these  tests  ranged  in  value  from  0.25 
knots  IAS  to  a  maximum  of  2.5  knots  IAS. 
The  test  data  were  obtained  during  de¬ 
scents  at  lates  between  approximately 
150  fpm  and  2700  fpm  at  airspeeds  of 
40  knots  IAS,  60  knots  IAS,  and  70  knots 
IAS.  Values  of  airspeed  errors  under 
these  conditions  were  obtained  while  con¬ 
trolling  rate  of  descent  through  4000 
feet  and  6000  feet  pressure  altitudes. 

By  this  method,  the  effects  of  three 
parameters:  rate  of  descent,  airspeed, 
and  altitude,  could  be  evaluated. 

The  most  significant  factor  con¬ 
tributing  to  airspeed  error  proved  to  be 
the  rate  of  descent.  With  an  increasing 
rate  of  descent,  a  larger  airspeed  error 
was  observed.  At  70  knots  IAS,  the  error 
increased  from  1.1  knots  at  800  feet  per 
minute  rate  of  descent  to  2.25  knots  at 
2500  feet  per  minute. 

An  airspeed  error  was  also  affected 
by  airspeed,  but  to  a  lesser  degree  than 
by  rate  of  descent.  At  a  higher  airspeed 
and  the  same  rate  of  descent,  a  slightly 
higher  airspeed  error  was  observed;  i.e. 
approximately  0.25  knots  larger  error  at 
70  knots  IAS  than  at  40  knots  IAS. 

The  effect  of  altitude  upon  the  air¬ 
speed  error;  that  is,  the  difference  be¬ 
tween  the  results  at  4000  feet  pressure 
altitude  and  the  results  at  6000  feet 
pressure  altitude,  was  very  small.  At  40 
knots  IAS,  the  airspeed  error  at  a  par¬ 
ticular  rate  of  descent  at  4000  feet  pres¬ 
sure  altitude  is  a  uniform  0.15  knots  IAS 
higher  than  at  6000  feet  pressure  alti¬ 
tude.  At  60  knots  IAS,  this  difference  in 
error  ranged  from  0.08  knots  IAS  to  0.18 
knots  IAS  higher  at  4000  feet  pressure 
altitude  than  at  6000  feet  pressure  alti¬ 
tude.  At  70  knots  IAS,  there  was  negli¬ 
gible  difference  in  the  airspeed  error  at 
4000  feet  pressure  altitude  and  6000  feet 
pressure  altitude. 


An  airspeed  indicator  measures  pitot- 
static  pressure  differential.  When  changing 
altitude  or  airspeed,  however,  the  pressure 
in  the  static  system  may  change  at  a  dif¬ 
ferent  rate  than  that  in  the  pitot  system, 
causing  an  erroneous  reading.  For  example, 
in  a  descent,  the  pressures  at  the  pitot 
and  static  sensing  ports  will  increase.  To 
equilibrate,  a  small  amount  of  air  will 
flow  into  each  system.  The  rate  of  change 
of  pressure  in  each  system  will  then  be  a 
function  of  each  system's  volume  and  inter¬ 
nal  flow  characteristics  as  well  as  the  air¬ 
craft's  rate  of  descent.  Since  the  volume 
and  flow  characteristics  of  each  system  wi 1 1 
probably  be  different,  an  airspeed  error 
will  be  induced  while  changing  altitude. 

In  a  typ.cal  pitot-static  instrument 
system,  the  pitot  sensing  port  is  connected 
to  only  the  airspeed  indicator,  while  the 
static  sensing  port  is  connected  not  only 
to  the  airspeed  indicator  but  also  to  the 
altimeter  and  rate  of  climb  indicator.  The 
static  pressure  system  generally  has  con¬ 
siderably  more  volume  than  the  pitot  pres¬ 
sure  system.  This  means  that  the  existing 
pressure  in  the  static  system  will  change 
more  slowly  than  the  existing  pressure  in 
the  pitot  system  when  the  aircraft  is 
changing  altitude  or  airspeed.  In  a  de¬ 
scent  then,  the  static  pressure  will  in¬ 
crease  more  slowly  than  the  pitot  pressure, 
giving  an  erroneously  high  airspeed 
read i ng . 


C.  Test  Procedure 

The  airspeed  errors  were  determined 
by  establishing  a  variety  of  rates  of 
descent  through  pressure  altitudes  of 
4000  and  6000  feet  and  indicated  air¬ 
speeds  of  40,  60,  and  70  knots. 

Following  this  series,  spot  checks 
were  made  at  a  variety  of  climb  rates  at 
4000  and  6000  feet  pressure  altitude  and 
40  knots  IAS. 

The  smallest  possible  airspeed  lag 
error  occurs  when  only  an  airspeed  indi¬ 
cator  is. connected  to  both  the  pitot  and 
static  lines.  An  airspeed  indicator  was 
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connected  in  this  manner  and  provided  a 
standard  indicated  airspeed  system  for 
comparison.  To  measure  the  error  caused 
by  the  extra  volume  of  an  altimeter  and 
rate  of  climb  indicator,  a  valve  was 
installed  so  that  these  instruments  could 
be  connected  to  or  separated  from  the 


static  pressure  line.  By  observing  the 
indicated  airspeed  in  a  stabilized  de¬ 
scent  both  with  and  without  the  altimeter 
and  rate  of  climb  indicator  connected  to 
the  static  pressure  line,  the  error  caused 
by  the  addition  of  these  instruments  could 
be  measured. 


PHOTO  II  -  COCKPIT  ARRANGEMENT  OF  TEST  AIRCRAFT 

Test  instrumentation  is  installed  in  auxiliary  panel 
aDuve  and  to  left  of  standard  instrument  group. 


0.  Test  Resul ts 

The  results  of  these  tests  revealed 
that  the  error  induced  in  an  airspeed 
system  during  a  descent  is  primarily 
dependent  upon  the  rate  of  descent  and 
is  affected  to  a  lesser  degree  by  air¬ 
speed.  The  error  is  only  slightly  af¬ 
fected  by  altitude  in  the  4000  to  6000 
foot  pressure  altitude  range. 

The  results  of  these  tests  are  pre¬ 


sented  in  Figures  1  and  2,  Appendix  II. 
The  airspeed  error,  A  V  (indicated),  is 
the  result  of  subtracting  the  airspeed 
readings  taken  with  an  altimeter  and 
rate  of  climb  connected  to  the  static 
system  from  the  readings  taken  with  the 
altimeter  rate  of  climb  separated  from 
the  static  system. 

The  A  V  values  were  the  result  of 


readings  taken  at  the  same  flight  con¬ 
ditions  and  plotted  against  rate  of  de- 
s  tent . 

At  all  airspeeds,  the  largest  air¬ 
speed  lag  error  is  experienced  at  the 
highest  rate  of  descent  and  the  smallest 
airspeed  error  at  the  lowest  rate  of  de¬ 
scent.  The  range  of  airspeed  error  in 
an  autorotat iona 1  descent  through  6000 
feet  pressure  altitude,  for  the  air¬ 
speed  range  tested,  was  1.25  knots  IAS 
at  40  knots  indicated  airspeed  to  2.5 
knots  IAS  at  70  knots  indicated  airspeed. 

The  variation  of  airspeed  lag  error 
with  airspeed  was  much  less  pronounced 
than  with  rate  of  descent.  Throughout 
the  range  of  rates  of  descent  tested,  the 
airspeed  error  was  approximately  0.25 
knots  IAS  higher  for  70  knots  IAS  than 
for  40  knots  IAS  as  can  be  seen  in 
Figures  1  and  2. 

With  the  test  pitot-static  system, 
the  numerical  value  of  the  airspeed  error 
in  a  climb  was  from  0.13  knots  IAS  to 
0.38  knots  IAS  ess  than  the  error  in  a 
descent  at  the  same  flight  conditions. 

The  error  was,  of  course,  in  the  op¬ 
posite  direction.  Due  to  the  limited 
climb  performance  of  the  H-23,  only  a 
small  range  of  rates  of  climb  could  be 
i  nvest i gated  . 

The  fact  that  the  numerical  value  of 
the  airspeed  error  is  different  in  a 
climb  and  descent  for  similar  flight  con¬ 
ditions  is  partially  explained  by  the  fact 
that  airflow  lesistance  in  the  pitot- 
static  system  is  different  for  flow  in 
opposite  directions. 

E.  Conclusions 

The  numerical  values  obtained  during 
this  test  program  are  directly  applicable 
only  to  the  particular  pitot-static 
system  tested.  Each  system  will  have  its 
own  particular  internal  airflow  character¬ 
istics  and  the  relationship  between  the 
pitot  and  the  static  internal  airflow 
characteristics  will  also  be  different 
from  one  system  to  another.  The  trends, 
therefore,  discussed  in  this  report  are 
more  significant  than  the  numerical 
resul ts . 


For  the  purpose  of  the  scope  of  these 
tests,  it  is  further  concluded  that: 

1.  The  airspeed  error  induced  in  a 
pitot-static  system  by  the  rate  of  climb 
indicator  and  altimeter  in  descending 
flight  is  primarily  dependent  upon  and 
nearly  proportional  to  the  rate  of  de¬ 
scent  . 

2.  The  airspeed  lag  error  (2.5  knots 
or  less)  is  only  slightly  affected  by 
airspeed  in  the  40  knot  to  70  knot  range. 

3.  The  airspeed  lag  error  is  not 
significantly  affected  by  altitude  in 
the  4000  feet  to  6000  feet  pressure  alti¬ 
tude  range  tested. 

III.  EFFECT  OF  ALTITUDE  UPON  PITOT- 
STATIC  SYSTEM  BALANCE 

A.  Summary 

The  airspeed  system  was  balanced  at 
7000  feet  pressure  altitude  by  varying 
the  volume  of  the  pitot  system.  The 
system  balance  was  then  checked  at  3000 
feet  pressure  altitude  and  found  to  be 
ba 1 anced . 

B.  Introduction 

As  described  in  Part  II, B  of  this 
report,  an  error  will  normally  be  seen 
in  the  airspeed  indicator  while  changing 
altitude.  This  is  due  to  the  fact  that 
it  usually  takes  longer  for  the  pressure 
to  change  in  the  static  system  than  in 
the  pitot  system  due  to  the  larger 
volume  of  the  static  system.  It  is  com¬ 
mon  practice  to  attempt  to  eliminate 
this  error  by  the  addition  of  extra 
volume  in  the  pitot  system.  This  extra 
volume  is  normally  termed  "a  balance 
can."  If  the  effect  of  the  volume  of 
the  "balance  can"  is  the  same  as  that 
of  the  static  instruments,  the  airspeed 
system  is  termed  "balanced."  The 
objective  of  this  test  was  to  determine 
the  effect  of  altitude  on  system  balance. 

C.  Test  Procedure 

To  determine  the  effect  of  altitude 
upon  airspeed  system  balance,  the  fol- 
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lowing  test  was  performed. 


A  variable  volume  "balance  can"  was 
incorporated  in  the  pitot  system  as 
shown  in  Appendix  III.  3y  turning  a 
hand  wheel  on  the  "balance  can,"  the 
volume  of  the  pitot  system  could  be 
changed.  At  one  particular  volume 
setting,  the  effect  of  the  "balance  can" 
volume  upon  the  pitot  system  airflow 
characteristics  will  be  the  same  as  the 
effect  of  the  altimeter  and  rate  of  climb 
indicator  on  the  static  system  airflow 
character i s  t i cs . 

A  particular  volume  setting  was 
determined  by  establishing  a  rale  of 
descent  and  airspeed  at  a  7000  feet 
pressure  altitude  with  only  the  air¬ 
speed  indicator  connected  to  the  pitot- 
static  system.  When  stabilized  in  this 
flight  condition,  both  the  static  instru¬ 
ments  and  trie  "balance  can"  were  con¬ 
nected  to  the  pitot-static  system.  3v 
adjusting  the  "balance  can"  to  the  cor¬ 
rect  volume,  no  change  in  indicated  air¬ 
speed  could  be  observed. 

Using  the  volume  that  was  determined 
for  system  balance  at  7000  feet  pres¬ 
sure  altitude,  the  procedure  was  repeated 
descending  through  3000  feet  pressure 
altitude  at  the  same  indicated  airspeed 
and  rate  of  descent . 


D.  Test  Results 

The  pitot-static  system  was  balanced 
as  described  at  40  knots  indicated  air¬ 
speed  and  1570  feet  per  minute  rote  of 
descent.  Five  descents  through  7000  feet 
pressure  altitude  were  required  to  deter¬ 
mine  the  cor rect 'ba 1 ance  can"  volume. 

Tiie  balance  of  the  system  was  re¬ 
checked  three  times  at  40  knots  indicated 
airspeed  and  1500  feet  per  minute  rate  of 
descent  through  3000  feet  pressure  alti¬ 
tude  . 

The  airspeed  system  was  found  to  have 
balanced  at  3000  feet  pressure  altitude. 


In  Lite  3000-7000  feet  pressure  alti¬ 
tude  range  tested,  an  airspeed  system 
volume  balanced  at  one  altitude  will  re¬ 
main  in  balance  at  all  altitudes. 

IV.  EFFECT  OF  AIRSPEED  BOOM  LENGTH 
UPOM  AIRSPEED  POSITION  ERROR 

A.  Summary 

The  test  helicopter  was  equipped  with 
a  telescoping  airspeed  boom,  so  that  the 
pitot-static  head  could  be  moved  closer 
cr  furtler  from  the  aircraft  to  position 
it  in  different  par  us  of  the  pressure 
field  developed  about  the  aircraft  in 
fot ward  flight. 

At  airspeeds  above  4C  knots  IAS,  the 
position  error  for  a  short  boom  was 
larger  than  for  a  long  boom.  Below  40 
knots  IAS,  this  correlation  did  not  exist 

T;,ere  was  no  significant  difference 
observable  in  the  consistency  of  results 
of  the  position  error  calibration.  The 
short  boom  calibrations  are  as  usable  for 
flight  test  purposes  as  tire  longer  boom 
cal i bra t Ions . 


B.  Introduction 

A  pressure  field  is  developed  about 
an  aircraft  in  forward  flight,  due  to 
the  compressibility  of  air.  Since  en 
airspeed  indicator  and  altimeter  are 
pressure  sensing  devices,  their  leadings 
are  affected  by  this  pressure  field.  To 
accurately  determine  airspeed,  the  effect 
of  ..he  pressure  field  on  a  particular 
installation  must  be  determined.  With 
different  airspeed  boon  lengths,  tine 
pressure  sensing  element  is  located  in  a 
different  part  of  this  pressure  Field, 
thus  yiving  a  different  error  in  the 
instrument  readings. 

On  flight  test  aircraft,  it  ' s  neces¬ 
sary  to  accurately  determine  airspeed. 

The  effect  of  the  pressure  field  on  the 
airspeed  reading  must  therefore  be  found. 
Since  the  standard  aircraft  instrumenta¬ 
tion  usually  has  its  static  pressure 
sensing  port  on  the  surface  of  tire  air¬ 
craft  where  the  effect  of  the  pressure 


E .  Concl us  ions 


field  is  large  and  sometimes  erratic,  it 
is  theiefore  necessary  to  install  a  boom 
with  pressure  sensing  ports  some  distance 
in  front  of  the  aircraft.  This  test  pro¬ 
ject  had  the  objective  of  determining  the 
effect  of  the  length  of  the  airspeed  boom 
upon  the  airspeed  system  position  error 
ca 1 i bra t i on  . 


aircraft,  the  time  required  to  cover  the 
known  distance  was  recorded.  Knowing 
the  relationship  between  the  true  air¬ 
speed  and  the  indicated  airspeed,  the 
position  error  may  be  calculated.  For 
all  airspeed  calibrations  the  gross 
weight  and  C  .G .  were  held  as  nearly  con¬ 
stant  as  possible. 


C.  Test  Procedure 


D.  Test  Results 


T  e  graphical  results  of  the  airspeed 
calibrations  for  each  boom  length  are 
shown  in  Appendix  II.  Due  to  the  in¬ 
herent  installation  problems  of  helicop¬ 
ter  pitot-static  airspeed  systems,  un¬ 
stable  operation  usually  occurs  in  the 
0-30  knot  IAS  range.  The  most  signifi¬ 
cant  data  was  collected  in  the  40  knot 
IAS  to  Vmax  range.  In  Figure  12  the 
maximum  position  error  plotted  is  the 
maximum  position  error  occuring  above 
30  knots  IAS  when  the  pressure  field 
became  more  stabilized. 


At  each  of  the  nine  boom  lengths,  an 
airspeed  position  error  calibration  was 
performed  utilizing  the  current  ground 
speed  course  method.  T  is  method  con¬ 
sisted  of  flying  reciprocal  headings  over 
a  known  ground  distance.  At  ten  knot 
increments  through  the  speed  range  of  the 
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T,  e  pressure  field  surrounding  an 
aircraft  is  strongest  nearer  the  aircraft, 
and  as  o  result,  a  short  boom  would  be 
expected  Lo  produce  a  higher  position 
error  than  a  long  boom.  Figure  12, 

Appendix  II,  shows  the  maximum  values  of 
these  calibrations  as  plotted  against 
boom  length.  The  shorter  boom,  -7  !  n  + 

1  ft  (see  Figure  12,  Append i;  ll),  re¬ 
sults  in  approximately  twice  as  large  an 
airspeed  position  error  as  the  longest 
boom ,  -7  in  +8  ft. 

The  calibration  on  the  shortest  boom 
is  not  considered  to  be  reliable  because 
it  was  apparent  while  flying  the  calibra¬ 
tion  that  the  pitot-static  head  was  loca¬ 
ted  in  an  area  of  turbulence.  The  rela¬ 
tive  wind-seeking  pitot-static  head  was 
in  constant  movement. 

The  results  of  this  test  revealed  that 
extreme  boom  lengths  are  not  necessary  to 
obtain  an  accurate  airspeed  calibration. 

For  flight  Lest  purposes,  a  long  boom  is 
desirable  in  order  that  the  pilot  may 
more  conveniently  fly  a  selected  airspeed 
in  which  cose  a  long  boon  is  justified. 

In  the  general  case,  I  owever ,  it:  is  suf¬ 
ficient  that  the  airspeed  may  be  accurately 


calculated.  This  may  be  accomplished 
accurately  with  a  moderate  length  boom  and 
without  resorting  to  the  structural  com¬ 
plexities  required  to  support  a  long  boom. 

Since  the  primary  effect  of  position 
error  is  in  the  static  pressure  system, 
the  altimeter  is  similarly  affected  by 
the  same  position  error  as  the  airspeed 
indicator.  The  same  arguments  may  be 
used  concerning  lire  altimeter  position 
error  as  with  the  airspeed  position  error. 
In  some  cases,  a  long  boom  may  be  justified 
where  very  precise  flying  is  required,  but 
generally  a  short  boom  and  an  accurately 
determined  position  error  correction  factor 
will  suffice. 


E.  Conclusions 

1.  Position  error  with  a  short  boom 
is  larger  than  position  error  with  a  long 
boom . 

2.  At  boom  lengths  beyond  two  feet, 
there  is  negligible  difference  in  the 
reliability  of  airspeed  position  error 
ca  1  i  bra t i ons  . 


RECOMMENDATIONS 


1.  An  airspeed  boom  on  a  light  heli¬ 
copter  need  not  ex.tend  beyond  two  feet 
past  the  forward  tip  of  the  aircraft  in 
order  to  obtain  a  reliable  airspeed  posi¬ 
tion  error  calibration. 

2.  A  longer  boom  length  may  be  neces¬ 
sary  only  when  it  is  required  that  the 
indicated  airspeed  be  slightly  closer  to 
the  calibrated  airspeed.  Tins  condition 
could  possibly  occur  if  a  pilot  were  re¬ 
quired  to  fly  a  series  of  accurate  air¬ 
speeds  with  no  time  available  for  mental 
airspeed  corrections  between  points. 


3.  Additional  tests  be  performed  to 
determine  the  optimum  location  For  an  air¬ 
speed  boon  on  a  light  helicopter  to  obtain 
the  most  stable  position  error  at  low 
speed . 

4.  Airspeed  systems  be  properly 
volume  balanced  ivr  all  test  and  standard 
aircraft  installations. 

5.  Additional  tests  be  conducted 
on  a  higher  performance  helicopter  Lo 
verify  that  altitude  does  not  effect 
airspeed  system  balance. 
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A.  AIRSPEED  ERROR  WHILE  CHANGING 
ALTITUDE 

During  these  tests  there  were  four 
quantities  requiring  analysis  before 
presentation  of  the  results:  (l )  i  ate 
of  descent;  (2)  alliLude;  (/  )  airspeed 
error;  and  (4)  airspeed. 


1.  Iidicated  rate  of  descent  was 
found  by  measuring  the  time  required  to 
pass  between  two  altitudes  corrected  for 
instrument  error. 

r/o  "ncm  ~  hpu(2)  . 

T  T, 

where : 

R/D  =  Rate  of  Descent  (ft/min) 


H  P  i  c  ( i  ) 


Pressure  Altitude  at  start  of 
liming  corrected  for  instru¬ 
ment  error  (ft) 


HPic(2) 


Pressure  Altitude  at  end  of 
timing  corrected  for  instru¬ 
ment  error  (ft) 


T  =  Time  of  Descent  (min) 


2.  Altitude  of  the  test  was  the  mean 
between  Hp._(()  and  Hp,c(2)>  (|:cet) 


.  Ail  speed  error  via  s  the  difference 
between  the  indicated  airspeed,  instru¬ 
ment  corrected,  v/i  th  the  altimeter  and 
rate  of  climb  indicator  connected  to  the 
static  system,  minus  the  indicated  air¬ 
speed,  instriMent  corrected,  with  only 
tie  airspeed  indicator  connected  to  the 
static  system. 


Airspeed  E=  roi  -  V.  _  (w/Al  t  and  it/C) 
u  1 1  ius  v.(.  (v  /a  i  r  speed  !  n<’  .  only). 

Airspeed  E  ror  -  mots 

V.  w/Al t .  and  R^C  -  knots 
i  c 

V.  w/air speed  !nd.  crly  -  knots 


B.  EFFECT  OF  ALTITUDE  UPON  AIRSPEED 
SYSTEM  BALANCE 

No  data  reduction  required. 


C.  EFFECT  OF  BOOM  LENGTH  UPON  POSITION 

ERROR 

The  airspeed  position  error  for 
each  boom  length  was  determined  by  the 
Gt ound  Speed  Course  Method  as  described 
in  AFFTC-TN-59-22,  "Flight  Test  Hand¬ 
book."  Due  to  the  number  of  repet itous 
calculations  required,  the  data  was  re¬ 
duced  using  an  IBM  1620  Computer. 


AV  =  V  .  -  V. 
pc  cal  i 


AV  =  V.  \p~  (V.  +  AV.  ) 
pc  1  V  i  i  c 

whei e : 


AV  =  Airspeed  Position  Error  -  knots 

r- 

Vf  =  (^-^-  +  ^”-)(.00h...'3)  -  knots 


D i s r  =  length  of  giound 
coui se  -  lee: 

t,  =  time  itquired  to  tra¬ 
verse  course  -  min 

~  lime  requited  to  tra- 
'  erse  course  on  recipro¬ 
cal  head iti  -  min 


o  = 


=  (:.6;i  )(23.S2)(1  .0-:.Q00006C75  Hp;>  )- 


FAT.  +  2/3 
I  c 


Hpj„  =  i ns t rumen l  coi  reeled  pressu 


altitude  -  feet 


FAT.  =  instrument  corrected  free  a 
i  o  . 

temperature  -  degrees  ‘.crua; 

V.  =  indicated  airspeed  -  knots 

i 

Ay.  _  =  airspeed  indicator  error  -  knots 


V.  =  airspeed  corrected  for  instrument 
i  c  . 

error  -  knots 
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APPENDIX  III 


■  Instrumentation 

The  following  calibrated  instruments 
were  installed  in  conjunction  with  an  air¬ 
speed  boom  as  shown  in  Figure  A. 

Sensitive  Airspeed  Indicator 

Altimeter 

Sensitive  Rate  of  Climb  Indicator 

Pitot-Static  Head 

Variable  Volume  "Balance  Can" 

Necessary  Plumbing  and  Pressure 

Swi tches 

The  plumbing  arrangement  for  the  test 
airspeed  system  followed  conventional 
aircraft  practice  except  for  the  following 
changes . 


a.  The  variable  volume  "balance  can" 
was  plumbed  so  that  it  could  be  switched 
in  and  out  of  the  total  pressure  side  of 
the  airspeed  system.  When  not  in  use; 
i.e.,  switched  out  of  the  system,  it  was 
connected  to  an  alternate  pitot  probe  in 
order  to  keep  the  total  pressure  in  the 
can  reasonably  well  matched  with  the 
total  pressure  in  the  test  airspeed 
system  so  that  minjmum  time  would  be  re¬ 
quired  for  the  readings  to  stabilize  when 
the  can  was  switched  into  the  system. 

b.  A  rate  of  climb  indicator  and  an 
altimeter  were  plumbed  through  a  pressure 
switching  valve  into  the  static  side  of 
the  test  airspeed  system  in  a  manner  that 
allowed  their  internal  volume  to  be  con¬ 
nected  or  disconnected.  When  not  con¬ 
nected  to  the  test  airspeed  system,  the 
altimeter  and  rate  of  climb  indicator 
were  vented  into  the  cockpit. 
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